Abstract. A random climate field over the globe can be decomposed into a series of spherical harmonic functions. This paper shows that the mean square sampling error for a spherical harmonic coefficient is composed of aliased powers from other spherical harmonic components due to the spatial gaps in sampling networks. A general formula is given for calculating the aliased powers. On the basis of the spectra derived from a noise-forced linear energy balance model (EBM) for the climate field the aliased powers are investigated in detail for the Gauss-Legendre networks and the latitude-longitude uniform networks. It is found that the GaussLegendre networks outperform the uniform networks of the same size as long as the number of stations is sufficiently large.
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In this paper, however, we restrict ourselves to the case in which the weights are wave number independent.
Partially Aliasing Free Sampling
There are many ways of designing a sampling network [Hardin and Upson, 1993 Let Ptm(X) be the associated Legendre functions defined by [Arfken, 1985] Ptm ( It is straightforward to show that
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Combining this with (6) and (16) may not hold in general.
Noise-Forced Energy Balance Model
In this section we consider a homogeneous field generated by a simple climate model. To be more specific, consider the white noise forced linear energy balance model given by
_0 t) -t) + t) -t).
•-o ot Using the EBM spectrum (26) and M -2N, Figure 4 and Table I More computational results are given in Tables 2-5, where the e•m in Tables 2 and 3 Tables 4 and 5 In this paper we have investigated the aliased power of the Gauss-Legendre networks in the estimation of the spherical harmonic components of the surface temperature field over the globe. Using the white noise driven EBM, we have calculated the total aliased power and the spectral distribution of the aliased power for both Gauss-Legendre and latitude-longitude uniform networks.
Numerical results show that with a sufficient number of stations the Gauss-Legendre network is able to achieve a smaller aliasing error than a latitudelongitude uniform network of the same size; this result is especially true for the estimation of low wave number components. Of course, the aliased power can be further reduced by simultaneously choosing the weights wj and perhaps the locations nj in the network so as to minimize the aliased power [e.g., Hardin and Upson, 1993; $hen et al., 1996]. The resulting "optimal" network, however, usually depends on knowledge of the power spectrum of the field. On the other hand, the Gauss-Legendre design, though suboptimal, does not depend on the power spectrum and is particularly effective for a spherical field whose spectrum is band limited [Li and North, 1996] or decreases sufficiently rapidly with respect to the wave numbers. Although the Gauss-Legendre and latitude-longitude uniform networks are particular, we consider them in this paper because they make the analytical investigation more transparent,and the results concerning their properties provide some mathematical insights and theoretical background for further investigations of more realistic networks.
The extension of the developed methodology to more realistic networks (e.g., ran- domly distributed stations) will be the major subject of a forthcoming paper.
We should point out that the estimators •lm defined •lm is quite straightforward.
Aliased power in spectral GCMs can contaminate the output quite seriously. However, few modelers have paid much attention to the fact that the degree of nonlinearity can also affect the required resolution of the networks for spectral modeling. Here the degree of nonlinearity is defined in the same way as it is in fluid dynamics. For example, the degree of nonlinearity for the Navier-Stokes equations is two. We feel that in order to achieve the aliasing-free transformation the demand on stations increases quadratically with the increase of the degree of nonlinearity. Therefore, when nonlinearity is strong, the spectral modeling approach may have little advantage in practice over the finite difference approach. In particular, if the feedback nonlinearity is present, then the spectral modeling can cause serious problems due to the aliasing effect when the stations are insufficient. This problem deserves further research.
